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ABSTRACT ' 
The invention relates to a preparation of azadiraditin, u. a dry solid powder form, 
having a purity opto 88% ; an emulsion concentrate having uptt> 30% by weght of 
azadira rttin, m dap^for 

seeds/kernels, which comprising: (a) o^irtegr-iiig the neem seefc/tanels into* 
powder, (b) subjecting the said powder lo continuous extraction using methanol or 
aqueous methanol or ethanol (rectified spirit) or aqueous emanol at ambient 
temperature; (c) concentrating the exwet aod stirring the concentrate w,m 
petroleumether or hexane and phase separating by conventional methods; (d) 
sumng the denser phase conoimng major quantity of azadirachnn w,«h a water 
onnusable orgaruc solvent and water as required depending on me solvent used 
for extraction and phase separating by convention* memods; (e) concennanng the 
organic phase and gradually adding the concentrate to petroleumether or hexane 
under stirring at ambient temperature (f). filtering under suction and drying under 
vacuum at a temperature in me range of 25 - 65*C » obtain a neem seedflcemd 
extract as a powder having azadirachnn of 10-19% purity; (g) recdissoMng the 
product obtained in step (f) m a solvent and adding the solution to petroleumether 
or hexane at ambient temperature gradually under stirring yielding a whtte sol.d. 
wh.cn after filtration and drying under vacuum at 65'C resulting in azadirachon 
having 1 5-26% purity as a white powder (h). dissolving the azadirachon (10-19%) 
from step (e) in an organic solvent and subjecting to column chromatography 
(silicagel) by stepwise elution using different composition, of 
hexane/pewleumemer and ethylacetate leaomg to solid az*hi*chti» powder up» 
49% (i) dissolving the azadirachtin having unto 49% purity in methanol, ethanoi or 
acetonitrile and subjecting it to HPLC (C18 column) to produce azsdirachtin of 
puntyupto 88% m a soud powder form, and (j) and stirring the product of step 
(l) wm solvents and emulsifiers with or without synergist and UV sabthser to 
obtain the emulsifiable concentrate. 
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The present invention relates to an azadirachtin preparation in the form of dry 
solid powder having purity upto 88%, an emulafiaWc concentraie comprising upto 
30% by weight of aTadirachtin and a process for producing such dry solid 
azadirachtin preparation and emulsifiable concentrate directly from neem 
seeds/kernels. The dry solid azadirachtin powder prepared by the process of mis 
invention is suitable for insect pest control formulations for use in Agriculture. 
Veterinary and Public Health from neem (Azadtrachta indica A. Juss) 
seeds/kernels. The concentrate prepared by the process of the invention is also 
used directly as insect pest control agent 

Azadirachtin has structure shown in fig, 1 of the drawing accompanying this 
specification. Azadirachtin has been termed as "Azadirachtin A" subsequently, 
since a number of related compounds designated "Azaduachnns (B-0" and 
•Azadirachtin K" have been isolated by different groups (Rembold. R. in 
Economic and Medicinal Plant Research; Eds.. Govindachari. T R.. Sandhya. G 
and Ganeshraj. S.P . Indian Journal of Chemistry, 31A, 295, 1990; Wagner. H. and 
Norman. R-. Academic Press. New York. 3, 7. 1990; Govindachari. T.R.. 
Sandhya, G . Ganeshraj, S.P., Journal of Natural Products, 55, 5%. 1992). 

There are several broad spectrum highly toxic organic synthetic insecticides 
currently in use. for the control of insect pests of food and commercially important 
crops. Besides, effectively controlling the target pests, they also destroy the natural 
enemies of pests and other beneficial insects. Insects also develop resistance to 
some of them owing to indiscrete use There are also instances of toxic effects of 
residues,of some of the synthetic insecticides for the consumers of the product due 
to poor btodegradabiliry. Therefore, there is a need for environmentally companble 
insecticides possessing activity at low concentrations and selecove toxidr> to 
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insect, pests, low toxicity to plants and mammals, desired stability and economic 
viability. 

Neem trees are widely distributed in India and some regions of Asia, Africa and 
Australia. Neem leaves, neem seeds, neem oil and neem cake are traditionally used 
in India from a long time for insect pest control. Of «W n«m seeds consritunng 
an annually renewable natural source, are associated with highest insect pest 
control properties. 

There are numerous examples reporting the insect antifeedant and insect growth 
inhibitory properties of azadirachtm for a variety of insect pests (For examples. 
Butterworth. J.R and Morgan, E.D., J. Chem. See. Chem. Communs. 23. 1968; 
Leuschner. K., Natuiwissenschaften, 59, 217. 1972; Ruscoe. C.N.E.. Nature. 
Lend, 236, 466, 1972; Schmutterer. R and Rembold, R, Z, Angew. Ent 2, 179- 
188. 1980; Wartnen, J.D. Jr., ARMNE-4 USDA. SEA. Agricultural Reviews AND 
Manuals. 1979. Kubo. L and Klocke, J A., Agricultural and Biological Chemistry. 
46, 1951. 1982; Champagne, D.E., Koul, O., Isman, MB.. Scudder. O E and 
Towers, G.H.N., Phytochemistry. 2L 377, 1992). 

Azadirachtin has also been reported to be non mutagenic (Jacobson, M, 
Proceedings of the First International Neem Conference. Rottach Egem. 33. I98<k 
in Natural pesticides from the neem tree, Azadirachta indica A. Juss. Schmutterer. 
H , Ascher. KL.R.S . Eds.. Oetman Agency for Technical Cooperation, Eschbom. 
Germany. 1981) and it appears to have no apparent mammalian toxicity 
(Nakanishi, K., Recent Advances in Phytochemistry. 1 283. 1975; Morgan, E.D.. 
Proceedings of the First International Neem Conference, Rottach-Egem. 43. 1980; 
in Natural pesticides from neem tree. Azadirachta indica A Juss, Schmutterer. R. 
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Ascher, K.R.S.. Rembold, R, Eds., Gennan Agency for Technical Cooperation. 
Eschbom, Germany, 1981). 

As a result of the above studies, azadirachtin has been considered to be a 
promising environmentally compatible insect pest control against for plant 
protection. It has not come to commercial use because it is expensive to tsolate ,t 
in a pure form from the neem seed/kernel extract and it is a very complex molecule 
for an economic^ chemical synthesis. Azadirachtin has also been found to degrade 
rapidly due to environmental factors such as UV radiaoon in sunlight, heat. a*, 
moisture, acidity and enzymes present in foliar surfaces (Sundaram. K.M.S. and 
Curry, J., Journal of Pesticide Science, 4JL 129, 1994). 

Several groups have investigated the insect antifeedant and insect gro«« 
inhibitory properties of solvent extracts of neem seeds or kernels ag** vtous 
insect pests in the laboratory and for the protection of a number of crops agams, 
their insect pests under field conditions as they are relatively less expense art 
.ore stable ia comparison with pure azadirachtin, leading to promising results 
(For Examples, Schmutterer. H.. Ascher. ICILS.. Rembold, R. Eds. Natural 
pesticides from the neem tree, AzadinKhta indie A. Juss. German Agency for 
Technical Cooperation. Eschbom. Gerauny, 1981. 297 pp. Proceedings of the 1st 
International Neem Conference. Rotuch-Egera. 1980; Schmutterer. R. Ascher. 
KR.S Eds., Natural Pesticides from die neem tree, Azadurachta indica A. Juss 
and other tropic* plants. 583 pp. German Agency for Technical Cooper^ 
Eschbom. Germany. 1984; Proceedings of me 2nd Inten-tio^l Neem 
Conference. Ramschholzhausen, 1983; Schmutterer. R. Ascher. K.R.S.. Eds. 
Natural pesticides from neem tree. Azndiracht. indie. A. Juss, and other troptcri 
plants. Germany agency for Technic* Coopenmon, Eschbom, Germany. 703 pp. 
1987; Proceedings of Third International Neem Conference, Nairobi. 1986). 
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However, solvent extracts of neem seeds or kernels « rather complex mixtures of 
several compounds requiring standardisation with respect to azaduachtin for 
reproducible biological activity and performance against insect pests under field 
conditions. In the prior art, a number of solvents and different temperatures have 
been explored for extraction of az-firachtin front neem seeds/kernels. Some of 
these processes are referred below for informatioa 

In the prior art. Butterworlh and Morgan (Butterwocth, J.H. and Morgan, ED.. J. 
Insect PhysioL, 17, 969. 1971) prepared azadirachtin from neem seeds (2 kg), 
involving (I), extraction with etfaanol (170 g); (2), partition of the concentrate of 
cthanol extract between metmmol and light petroleum; (3). cbrcm-ogmphy 
(Floridin earth) of partition product (70 g) from methanol ph«e leamng » 
azadirachtin containing fractions (2 g). (4). prem«tive layer enronutogr^hy 
(PLC) of azadirachtin containing fractions from step 3 resulting m azadinchnn 
(1 5 g) The product obtained from step 2 m tins process (76 g) would be 
economical to obtain but it would be viscous and oily due to the presence of water 
soluble compounds and therefore, it is not suitable for prepanng good 
formulations; requiring former processing by less expensive techniques for me 
preparation of a dry powder enriched in azadirachtin. 

I„ the prior art. Uebel. Warmen. Jr. and Jacobson (Uebel. E C. Warmen. fc ID 
and Jacobson. M. J. Lie, Chromaogr.. L S7S, 1979) have isolated az*hr*hut (2 
Wg batches. 90% purity. 8.7 g) from neem seeds/kernels (48.2 kg.) i-volvmg «he 
foUowing steps (1). grinding neem seeds/kern* (2 k* baches) in h«me « • 
Waring blender. fil«tion of me homogen-e to give a residue (n-rc); (2). soxhlet 
extraction of powdered marc (1.1 kg baches) with acetone (24 h.); (3). w«h,ng 
of acetone extract with (a) hex**, (b). water and (c). hex»e; (4). tre«ment of 
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washed acetone extract with 70/30, 75/25, methanol/water. (5). treatment of 70/30. 
75/25 methanol/water soluble parts with 75/25. methylether/acetone to give 75/25, 
diethylether/acetone soluble azadirachtin containing fractions (102.8 g.); (7), 
chromatography (Phase-bonded C-18, Hi-florisU) of diethykther/acetone fractions 
leading to azadirachtin (8.7 g. 90% purity). The product obtained after treatment of 
acetone extract with 70/30, 75/25, methanol/Hjp at step 5 by this process requires 
modification, avoiding diethylether a highly inflammable solvent and difficult for 
solvent recovery and repetitive use in large scale operations. Furthermore, the 
process details require greater simplification in steps (1), (2) and (3) for large scale 
operations such as, pre-extraction of neem seed kernels with hexane. before 
extraction with acetone, should also be avoided since azadirachtin is unstable at 
the boiling point of acetone (57°Q compared to ambient temperature. Acetone is a 
low boiling solvent and it is also not an excellent solvent for recovery and 
repetitive use in large scale operations economically. This method is therefore, not 
well suited for producing enriched dry azadirachtin powder because the operations 
are too many, hazardous, uneconomical and inconvenient for large scale 
preparations. 

In the prior art, Feurhake (Feuerhake, K.J.. Proceedings of Second International 
Neem Conference, Rauischholozhausen. 103, 1983; in Natural Pesticides from the 
neem tree and other Tropical plants, Schumutterer, H. and Ascher, K.R.S.. Eds.. 
German Agency for Technical Cooperation, Eschbom, Germany. 1984). 
investigated the suitability of the technical solvents (a), methyl tertiary butyl ether 
(MTB); (b), methyl isobutyl ketone (MIBK); (c), methyl ethyl ketone (MEK); (d), 
water, (e), methanol; (f). azeotropic mixture of methanol and MTB, (AZT); (g). 
acetone and (h), butanol and they have recommended AZT for the preparation of 
azadirachin enriched extracts and found that water is not a convenient solvent for 
extracting azadirachin since its solubility in water is low. Use of neem oil and p- 
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aminobcnzoic acid for protection of azadirachtin is also a prior art Some examples 
of other commercial formulations based oa neem seeds/kernels/oil are Azatin, 
Neemguard which is a neem oil formulation, Neemgold containing 300 ppm 
azadirachtin and Neemazal F. 

The procedure consists of the following steps; (1), ground neem seed kernels were 
first extracted in a soxhlet with petroleum ether to remove tatty matter, (2), the 
extraction was continued with solvents such as MTBK and MTB or acetone or 
MeOH or AZT or MEK or butanol for 10 h.; (3), the residue from AZT extract 
after removal of the solvent was treated with methanol; (4). the methanol soluble 
portion from step 3, was subjected to liquid-liquid extraction with methanol 50% 
and light petroleum giving rise to AZT-VR-NR in a yield of 1-1.5% which is 
expected to be enriched in azadirachtin. 

It is desirable to avoid pre-extraction of neem seed kernels with petroleum ether 
and avoid extraction in a soxhlet with polar solvents at high temperature, since, 
azadirachtin is not quite stable at these temperatures. In this process, the physical 
state and stability of AZT-VR-NR were not defined. It will be the starting point for 
the preparation of a dry solid-enriched in azadirachtin suitable for formulations. 

The US Patent 4.556,562. (Larson. R.O.. 1985) involves extraction of neem seed 
kernel powder with ethanol at 60-90-C. to give ethanol extract containing 5.000 - 
10.000 ppm of azadirachtin which was treated with nonionic emulsifier and 
diluted to 2.000 - 4.000 ppm of azadirachtin in the pH range 3.5-6 and p- 
aminobenzoic acid and neem oil as stabilisers. Extraction of neem seeds with 
ethanol has been carried out earlier by Butterworth and Morgan for the isolation of 
azadirachtin (Butterworth, J.H. and Morgan, ED.. J. Insect Physiol.. 11 969. 
1971). Sankaram and coworkers have obtained a fraction enriched in azadirachtin 
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from ethanol extract of defatted neem seeds (soxhlet). dissolved it in acetone, 
^ it with emulafier Teepol and diluted it to 0 . 1% with water and the resultmg 
formulation protected sorghum andpearln^etcrc^agai^dKirinsectpests 
(Sharrna, RC, Leuschner. K.. Sanbnm, A.V.B.. Chmasekhar, D., 
Marthandannuthi, M, Bhaskariah, K_, Subiahmanyam, M. and SuWuma. K. Proa 
2nd int Neem Conf. Rauischhobtausen. 291. 1983; in Natural Pesticides from the 
neem tree, Eds., Schmuderer. H., Ascher, K.R.S.. German Agency for Techmcal 
Cooperation, Eschborn, Gennany, 1984). 

Yamasaki. Klocke, Stone and Darlington (Yamasalri, R.B., Klocke, J.A.. Stone. 
OA. and Darlington M.V.. J. Chromatogr. 1L 467. 198.) have isolated 
azadirachon from neem seeds (1 kg.) to obtain azadirachtin (56 mg,. 99% punty) 
involving the fouowing steps; (1). neem seeds suspended in hexane (21.) were 
stirred occasionally at ambient temperature for several hours and the hexane 
extract was decanted and the process was repeated three more tunes; (2). the 
defatted marc from step 1 was extracted six times with methanol <2U 
successively, in the same manner as with n-hexmte; (3). the filtrate of combmed 
.nethanol extract, wu concentrated in vacuo to give an orange tar (78g,) ; (4) the 
orange ur from step 4 was revived io methanol (21.) and diluted with distdled 
water (21.) under stirring; (5). me aqueous methanol mixture from step 4 :s 
extracted three times with equal portions of n-he*»e followed by three emml 
ouant :*s of dkhlorometiume; (6). the combined mchloromelh-e ext*ct « 
subjected to flash chromatography (Silicagel. eluent, memylemer/memaool) to 
give amorphous azadirachtin (7.3%. 7.4 fr ). as an o«nge solid However ^ 
stability and its suitability for pesticidal applicrfons have not been explored, 
azaduachtin (7.3%) has been enriched further to azadirachin (26%. yield; 126*) 
by flash chromatography (ODS column. mobUe ph«e. methanol. 3/2> The 
physical state and stability of azadirachtin (26%) have also not been explored; (8). 
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mobile pto*. «-*»* 3/7. yd* * **> 

■ 9mftma ^ nm again three times with hexane, ax times witn mem 
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formulations. 

ScKroeder and NaKanisKi (Scfcoede, O IL and N***. 

242 1987) have described isolation of from neem seed Mtemd 

^ane (21.) in . conunercial Waring Mender (10 onn.) to a fine po^kr » 

, r ih stated again and filtered under vacuum to pve a oeen. 
allowci to settle for I h., aptatea again 
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seed tend extract residue; (2), the procedure described in step 1 is repeated four 
times successively resulting in • defatted nem seed 1^ cake wMeh U extracted 
with 95% ethanol (21), five times by me procedure described in step 1 by 
percolation within the Mendor for 8-12 h.; (3), the combined ethanol extracts after 
concentration in vacuum yielded a dark viscous residue (185 g.); (4). the ethanol 
extract residue from step 3. was partitioned between hcxane and methanoVHA 
95/5; (5), the 95/5 methanol/water phase (138 g.) was partitioned with water and 
ethyl acetate successively; (6), the ethylacetate phase (59 g.) was subjected to 
silica gel filtration with ethylacetate to give a product (52 g) enriched in 
azaoirachtin; (7), the product (52 g.) from step 6 was subjected to vacuum liquid 
chromatography (EtOAc/hexane, 3/1) yielding azadirachtin fractions (13 g); (8) 
crystallisation of azadirachtin fractions from carbon-tetiachloride gave crude 
azadirachtin (8.5 g.); (9). flash chromatography of the product from step 8 
(CHCVCHjCN. 3/1) gave azadirachtin (5 g). Extraction by grinding of neem seed 
kernels with hexane and ethanol in a Waring blender as described in this procedure 
is hazardous, uneconomical, and inconvenient for the large scale preparation of 
azadirachtin requiring modifications. In this procedure, the residue from 
ethylacetate extract in step 6 (52 g.) is the starting point for preparation of dry 
n6>jSQUd enriched in azadirachtin for novel formulationanwithout losing the yield 
preferably, by economic solvent fractionation techniques. Defatting with hexane 
before extraction with 95% ethanol can be avoided. The steps sffllcagel filtration 
and vacuum liquid chromatography to get azadirachtin enriched fractions are 
difficult to optimise in large scale for preparation of purer azadirachtin required 
for novel pesticide formulations and it requires modification. The procedure is not 
suitable for large scale operations. 

EP 0311 284, A2 (1988) reports a procedure for the preparation of azadirachtin 
(25% yield; 0.25%) as a pale yellow residue for the preparation of hydrogenated 
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„ 7? ,WKrin as an insecticide This procedure has loo many time consuming and 
uneconomic operations and the yield of the desired product is low. ft has to be 
simplified and optimised to convert it into a manufacturing process for dry solid 
enriched in azadirachtin suitable for novel formulations. 

Govindachari, Sandhya and Ganeshraj (Govindachari, T.R.. Sandhya. G. and 
Ganeshraj. S.P., Chromatographia, 3J, 303, 1991) have prepared azadirachtin A 
involving the following steps; (1). defatting of powdered neem seed kernels (1 kg.) 
with hexane (31); (2). extraction of defatted powdered neem kernels with 
refluxing 95% ethanol (a), (1 1.) and (b). (0.5 1), (3). partition of ethanol 
concentrate (95g.) obtained after removal of solvent fiom combined ethanol 
extract dissolved in 90% methanol with petroleum ether (100 ml.) thrice; (4). 
treatment of residue after removal of solvent from methanol extract from step 3. 
with ethylacetate; (5), washing of ethylacetate extract with water to remove 
proteins, carbohydrates; (6). removal of solvent from ethylacetate extract to give 
azadirachtin (25%. 24.5g.); (7). preparative HPLC of azadirachtin (25%. 4g) on 
Rp 18 column to give azadirachtin A+D (340 mg.); (8). preparative HPLC of 
azadirachtin A+D to give azadirachtin A ( 160 mg.). 

In this procedure, the physical state of the product containing 25% azadirachtin is 
not defined Furthermore, the defatting step has to be eliminated. The extraction 
methodology requires modification for manufacturing dry azadirachtin powder 
suitable for novel formulations, since azadirachtin is known to be unstable at high 
temperatures, extraction at refluxing temperature of ethanol has to be avoided. 
Refluxing of powdered neem kernels with 95% ethanol is not convenient for large 
scale extractions, economically. 
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Kleeberg, reported the preparation of a stable azadiracbtiii rich powder from neem 
seeds (Kleeberg^i R, Ger. Offen. DE4, 109. 473. 1992, Chemical Abstracts. Ill, 
•8002, s, 1993) involving (1) extraction of neem seeds with water. (2). extraction 
of aqueous extract with ethyiacetate; (3). treatment of ethylacetate concentrate 
with petroleum ether resulting in enriched azadirachtin powder. This process is not 
suitable for preparing powder enriched in a z adi r a ch tin economically, due to the 
fact that water is not a suitable solvent for extraction of azadirachtin from neem 
seeds economically, since solubility of azadirachtin in water is very poor 
compared to solvents such as methanol and ethanol which extract a m li mh ti n 
from neem seeds/kernels efficiently The yield of the azadirachtin powder will be 
low by this procedure. 

Majority of the above processes employ initial extraction of seeds or kernels either 
with petroleumetfaer/hexane/heptane. This is followed by extraction with polar 
solvents such as acetone or methanol or ethanol at ambient temperature or at 
rcfluxing temperature of the solvent or in a soxhlet extraction apparatus. 
Furthermore, these methods aim at extraction of expensive pure azadirachtin 
required for determination of its structure, chemistry, biological activity and 
analytical studies using sophisticated and elaborate. Preparative Layer 
Chromatography (PLC), Column Chromatography and High Performance Liquid 
Chromatography (HPLC) techniques, irrespective of the applicability of the 
intermediate stages of the extracts for their azadirachtin content, physical state, 
suitability for storage, stability, and for preparation of their formulations for 
Practical insect pest control. In fact, in the above said processes, neem seed and 
kernel extracts fairly rich in azadirachtin content have been obtained but their 
physical stats, suitability for storage, stability, formulation and economic 
production have not been explored and they are not weU suited for targe scale 
preparation economically For storage, stability and formulation, it is desirable to 
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have a free flowing powder containing 5-30% of azariinrhrin , and for the 
preparation of formulations such as Entulsifiable concentrates (EC). WettaMe 
dispersable powders (WDP), dusts, granules, aerosols, controlled release 
formulations etc., the extracts should be prepferaMy devoid of even traces of water 
soluble compounds such as inorganic salts, carbohydrates, proteins and colouring 
matters as these would present problems for example, in designing a suitable 
solvent for dissolution of the active ingredient for the preparation of an 
emulsifiable concentrate and stability for practical applications. 

Viewed in this context, the concentrates of crude polar solvent extracts of neem 
seeds or kernels obtained after the removal of solvents by die above process are 
usually oily and gummy due to the presence of fatty constituents and water soluble 
compounds such as tannins, organic carboxyhc acids, carbohydrates, proteins, 
organic and inorganic salts, pigments etc., and they do not possess good keeping 
qualities. These concentrates also present problems of solubility in the preparation 
of Emulsifiable concentrate (EC) formulations and caking in the preparation of 
Wettable dispersable powders (WDP) formulations, dusts, and granular 
formulations. 

In spite of the above advances, there is a need for a procedure for the preparation 
of a neem seed/kernel extract in a dry powder form in a large scale convemendy 
with 5-30% of azadirachtin, stability, good solubility in organic solvents suitable 
for EC formulations and compatibility with carrier materials for producing WDP 
formulations useful for insect pest control. 

Acetone solutions of azadirachtin when exposed to sunlight for seven days and 
sixteen days gave >50% and complete reduction respectively, in insect annfeedant 
activity against 1st instar fall armyworm (Spodoptera frugiperda) implicating the 
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destruction of azadirachtin (Stokes, J.B., Redfern, R.E. JEnv. Sci Health. Part A, 
1982, A, (17), 57-65; Chemical Abstracts. 96: 137955). Photodegradarion of 
azadirachtin in sunlight was arrested to <25% for two weeks by Neem. Angelic. 
Castor and Calanus oils. 

Extraction of neem seeds with ethanol, isolation of azaduachtin from the edianol 
extract, and insect annfeedant properties of azadrachtin for desert locust have 
been reported much earlier by Butterworth and Morgan in 1971 (Bunerworm. J.H. 
and Morgan, E.D.. J. bisect Physiol. 17, 969, 1971). 

Neem extracts enriched in active compounds such as azadirachtin. salannm. 
desacctyi oimbin and nimbui have also been formulated using surface active asms 
and special solvents and these were found to be effective agents and special 
solvents and these were found to be effective in Field tad Laboratory tests 
(Feuerhake. K and Schmutterer, R. Z. Pflanzen Krank Pflanzen Schutz. 1985. 
92(6) 643 9. Chemical Abstracts. 104. 163705b, 1986) as insecticides. 

A mixture of citroneUa oil, neem seed extract containing 5% of azaduachtin, 
triciosan, DEET. di-pr-isocinchomerate. traces of lemon grass oil and ethanol was 
heated at 54°C. for 14 days resulting in an insect repellent During heating, 
azadirachtin disappeared and new compounds were formed (Henry, G. V , PCT Int 
Appl. 91/5, 970 6th May. 1991, 13 pp. Chemical Abstracts, 118; p. 75393 h). 

The azadirachtin content of an aromatic petroleum distillate solution containing 
3 2% of azadirachtin and 10% of 1,2-epoxy octane, was reduced to 2.8% on 
storage for twenty eight days (Buder. B.J.. EUenberger, W P. Omilinsky. B.A. 
PLT. Int Appl No 9402. 019 (Cl.AO 1N43/08) 03 Feb 1994. US appl. 920800. 
28th July 1992. 32 pp; Chemical Abstracts. 120. p.263865 q. 
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Azadirachtin has also been found to degrade rapidlydue to environmental factors 
such as UV radiation in sunlight, heat. air. moisture, acidity and enzymes present 
in foliar surfaces (Sundaram, K.M.S. and Curry. J.. Pesticide Science. 1944. 41. 
129). From these results it is clear that there is a need for stabilized formulations 
of neem seed/kernd/oil extracts containing azadirachtin for crop protection, stored 
grain protection and in public health. 

We have observed due to our sustained research m this area, that the major 
quantity of azadirachtin can be extracted directly from powdered neem 
soaVkernals with polar solvent such as methanol or aqueous methanol or cthanol 
(recified spirit) or aqueous ethanol at ambient temperature wherein the fatty oils 
are predominendy retained with the seed/kernel residue so that initial exaction of 
powerde*. neon seeds/kernels with hexane/petroleum ether (b p. 60-80X.) for 
the removal of fatty oils is avoided. By carrying out the extraction at ambient 
temperature, thermal degradation of azadirachtin Airing extraction is niiniinised. 

We have found that, it is possible to disintegrate dry neem seeds/kernels to a 
suitable powder smoothly in the range of parade size BSS-7 (0.2mm) - BSS-72 
(2.4 mm) for the large scale solvent extraction of powdered neem seeds/kernels. 

Thus, the present invention utilises directly, methanol or aqueous methanol or 
ethanol or aqueous ethanol for the extraction of azadirachtin from powdered neem 
seeds/kernels, in a column by continuous percolation. The present u.vent.00 
employs continuous solvent percolation at ambient temperature to avmd 
decomposition of azadirachtin at higher temperature and it is convenient for 
modular operations 
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The present invention specifically, deals with the manufacture of a 
seed/kernel extract containing upto 88% of azadunchtin as a dry powder direcuy 
from neem seeoW^nds involving continuous batch extraction using methanol or 
aqueous methanol or ethanol or aqueous ethanol, concentration of these extracts, 
solvent fractionation of the concentrates, fractional precipitation at ambient 
temperature, column chromatography and HPLC. 

The present invention also deals specifically with the preparation of emulsifiable 
concentrate formulation of dry powder enriched in azadmchtin upto 30% for 
insect / pest control application. 

Accordingly, the present invention provides a process for the preparation of an 
extract containing upto 88% of azadirachtin from neem seeds/kernels, as a dry 
powder, which comprises: 

(a) disintegrating the neem seeds/kernels into powder, (b) sub-jeering the said 
powder to continuous batch percolation using methanol or acqueous methanol, or 
ethanol (rectified spirit) or aqueous ethanol at ambient temperature in a column, 
(c) concentrating the extract and stirring the concentrate with petroleum ether (b p. 
60-80' C.) or hexane and phase separating, (d) stirring the denser phase containing 
axadirachtin with a water immisible organic solvent and water as required 
depending on the solvent used for extraction and phase separating by conventional 
methods, (e) concentrating the organic phase and adding gradually the concentrate 
to petroleum ether (b.p. 60.80-C.) or hexane under stirring at ambient temperature 
(f> filtering and drying under vacuum •* a temperature in the range of 25-65«C for 
obtaining an extract as a powder containing 10.0 . 19% of azadirachon. (g) 
redissolving it in organic solvent such as dichloromemane and ethyl acetate and. 
(h) adding the solution to petroleum ether (b p. 60-80«CV or hexane under stirring 
and filtering the solid and drying to give a white powder containing 15-26% of 
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azadirachtin, dissolving the azadirachtin fiom step (e) in an organic solvent and 
subjecting to open column chromatography resulting in a powder containing upto 
49% which is enriched to 88% by HPLC. 

Also, the present invention provides a process for the preparation of emulafiable 
concentrate enriched upto 30% azatfrachtiii, which process comprises stirring the 
azadirachtin powder atongwith an organic solvent or mixtures of organic solvents, 
emulsifier or emulsifier combination with or without synergist, with or without 
UV Stabiliser. The solvents used for dissolution of powder may be selected fiom 
aromax (petroleum distillate containing aromatic compounds), 2-butanone. 
cyclohexanone, dimethlformamide, dimethylphthalate, moctvlphthalate. 
isobutanol. isobutyl methyl ketone, isopropanol. Solvent C-K (petroleum distillate 
containing higher aliphatic alkanes isoalikanes. in the range C5.C7, C.C9 to C74.) 
and xylene individuaUy or as suitable mixtures. The emulsifier used may be 
selected fiom commercially available ionic or nomonic emulsifiers, such as. 
Cresolox 3409. Emulsol MAL. Emulsol 172 RH, Igesol (CABS). Ehylene oxide 
condensate. 10 moles. Triton X100 and Tween 80. The synergist used is iperonyl 
butoxide. 2-hydroxy-4-octoyloxy benzophenone is used as a UV stabiliser 
optionally until a brown homogeneous stable liquid is obtained. The resulting 
concentrate can be used as a spray fluid for insect pest control after dilution with 
water. 

The following steps are involved in the process of the present invention: 

a. Well dried Neem seeds/kernels are disintegrated to a powder of suitable 

size using a mill. 
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b. The seed/kernel powder so obtained, from step (a) is packed into • suitable 
column and subjected to continuous percolation with methanol or ethanol 
(rectified spirit) or methanol or ethanol containing 20% water at ambient 
temperature and the most preferred solvent is methanol. 

c The extract in step (b) is concentrated at atmospheric pressure or under 
vacuum and the preferred condition is under vacuum. 

d. The concentrate from step (c) is stirred with an organic solvent such as 
petroleum ether or hexane and the two phases viz. denser phase and lighter phase 

arc separated 

e. The denser phase obtained from step (d) containing azadirachtin is stirred 
with water and • water immiscible organic solvents such as benzene. 2-butanone. 
chloroform, dicrdoromethane, icbloroethane, dUsopropyl ether, ethyl acetate, 
methyltertiarybutylether and toluene and the phases are separated The preferred 
water immiscible organic solvent is ethylacetate. 

When methanol or ethanol containing 20% water is used for extraction of 
powdered neem seed kernels use of water along with the water immiscible solvent 
in this step is not required 

f The organic phase in step (e) is concentrated at atmospheric pressure or 
under vacuum and preferred condition is under vacuum. 

g. The concentrate obtained from step (0 is added gradually to petroleumetner 
(b p. 60-80OC .) or hexane under stirring or at reflux temperature and filtered to 
g,ve a brownish yellow solid which is dried under vacuum at 65«C which contains 
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10-19% of azadirachtin and it can be formulated for protection of several oops 
such as cotton, rice, groundnut, brinjal, cabbage, castor, citrus species, coffee, 
potato, pulses, sorghum, sugarcane, tobacco, ete. and the stored grains against their 
insect pests. 

h. The product from step (g) is dissolved in diduoromemane or ethyiacetate 
and the solution is added gradually to petroleum ether (bp. 60-8O«C.) or hexane 
under stirring and the resulting solid was filtered and dried at 65°C. in vacuum. 
The resulting white powder contains 15-26% of azadirachtin. The resultant 
product is useful for insect pest control formulations. The most preferred solvents 
used in this step are ethyiacetate and petroleumether (b p. 60-80°C ). 

i. The product from step (g) is dissolved in dicMoromelhane/emylacetate and 
subjected to open column cholegraphy (Silicagd) using mixtures of hexane or 
petroleumether (b p. 60-80°C.) and ethyiacetate as duents stepwise leading upto 
49% azadirachtin after removal of the solvent in vacuum as a white solid 

j The product from step (i) is dissolved in methanol, filtered through a short 
C18 guard column and the filtrate was diluted and subjected to semi preparative 
HPLC (C 1 8 column) leading to a white solid containing upto 88% of azadirachtin. 

The invention also relates to a process for the preparation of EmulsifiaWe 
Concentrate comprising upto 30% by weight of azaouachtin from neem 
seeds/kernels, which comprises stirring the azrfrachtin powder having purity upto 
88% with solvents or mixtures thereof, emulsifiers or emulsifier combinations 
with or without synergist and with or without UV stabiliser and thereby obunning 
the clear emulsifiable concentrate. The organic solvents used in the above process 
are aromax, 2-butanone. cyclohexanone. dimethylformatrdde. dimethylphihalate. 
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dioctylphthalate, isobutanol, isobutyimethylketone, isopropanol, solvent C-DC and 
xylene individually or as suitable combinations. The emulsifim used are the ones 
which are commercially available ionic and nonionic emulsifiers such as Cresolox 
3409, Emulsol MAL, Emulsol 172 RH, Igesol, calcium alkyl benzene sulphonate 
(CABS), Ethylene oxide condensates (10 moles), Triton X 100, and Tween 80. 
The pteronyl butoxide is used as a synergist and 2-hydroxy-4-octyloxy- 
benzophenone is used as UV stabiliser. 

Therefore, the present invention provides an economical and convenient process 
for the manufacture of neem seed/kernel extract containing upto 88% arartiniriitin 
from neem seeds/kernels directly by continuous solvent percolation at ambient 
temperature, by solvent extraction, concentration, solvent partition, fractional 
precipitation, as a dry powder suitable for tonnulation of EmulsifiaHc 
concentrates, Wettable dispersiUe powders, dusts etc, for practical insect pest 
control. The present invention also provides a process for enrichment of 
azadirachtin powder (10-26%) by stepwise column chromatography (siticagd) to 
azadirachtin upto 49% powder which is further enriched to azadirachtin (88%) 
powder by HPLC (CI 9 column) for special applications. 

We have observed that it is not necessary to extract pulverised neem seeds or 
kernels first with petroleumether or hexane followed by extraction with methanol 
or aqueous methanol or ethanol or aqueous ethanol for the extraction of 
azadirachtin as the fatty oils are not extracted by these solvents at ambient 
temperature significantly from the powdered neem seeds and kernels and they are 
in fact, retained predominently with the residual seed or kernel powder and they 
do not interfere with the isolation of azadirachtin in subsequent stages. 
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In the prior art, die concentrated polar solvent extract yielded oily or gummy solid, 
or viscous mass even after comparable purification steps with lesser content of 
azadirachtin. The present process, an extract containing upto 88% of azadirachtin 
is obtained in the form of powder which can be easily used for preparing insect 
pest control formulations. 

Extraction of azadirachtin by continuous solvent percolation directly with a polar 
solvent in a column packed with suitably disintegrated neem seeds/kernels at 
ambient temperature by the present economical and conveniendy upscalaMe 
process is an improvement over the processes of prior art, which utilise hazardous, 
uneconomic and not conveniendy upscalaMe, repititive operations such as, 
disintegration and extraction of neem seeds/kenieis suspended in volatile and 
hazardous organic solvents using commercial blenders and stirring. Continuous 
solvent percolation of disintegrated neem seeds/kernels direcdy, with a polar 
solvent carried out economically avoiding deferring in the present economic and 
conveniendy upscalaMe process at ambient temperature retaining majority of lipid 
constituents interfering with die extraction and enrichment of azadirachtin with the 
residual neem seed/kernel powder is an improvement over some of the processes 
of prior art, which compulsorily used avoidaMe solvent extraction of neem 
seeds/kernels, with petroleumether/hexane for defatting prior to extraction with 
polar solvents for the isolation of azadirachtin. 

Extraction of azadirachtin at ambient temperature in the process of the present 
invention arresting degradation of azadirachtin due to its known thermal instaWlity 
is an improvement over extractions carried out at higher temperature or in a 
soxhlet extraction equipment at die boiling point of the solvents used in the prior 
art processes. Preparation of azadirachtin powder from crude polar solvent extract 
of neem seeds/kernels containing azadirachtin in the process of present invention 
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avoids expensive and unnecessary repititive operations for the preparation of 
similar extracts of prior art Preparation of azadirachtin (1 5-26%) powder suitable 
for formulations by gradual addition of co nc e nt r ate of etbytacetate extract to 
petroleumether (b.p. 60-80*C.)/hexane under stirring followed by Alteration and 
drying of precipitated azadirachtin powder in two successive operations by the 
present economical and conveniendy upscalaMe process is an i mprovemen t over 
the processes of prior art which employed expensive, time consuming and some 
avoidable solvent extraction and partition operations, chromatographic techniques 
and hazardous solvents such as diethylether for the preparation of similar products. 

The present process is an improvement over a procedure described in the patent 
Ger Often. Der, 109, 473 (1992) for the preparation of stable azadirachtin rich 
insecti cidal powder from neem seeds (Kleeberg, H.* Chemical Abstracts, 118. IS, 
0002, s) involving (1), extraction of neem seeds with water, (2), extraction of 
aqueous extract with ethytacetate; (3), precipitation of azadirachtin powder from 
the ethylacetate concentrate by addition of petroleum ether, since the yields of the 
final product are expected to be low in view of poor solubility of azadirachtin in 
water. 

Enrichment of azadirachtin (10-26%) powder to azadirachtin upto 49% powder by 
the present process involving stepwise dution with different compositions of 
petroleumether and ethylacetate by column chromatographby is an improvement 
over the prior art which utilised hazardous solvents such as diethylether or 
repeated employment of expensive chromatographic techniques. 

Enrichment of azadirachtin upto 49% powder to azadirachtin (88%) according to 
the process of the present invention by a single easily repeatable HPLC step (CI 8 
column) (due to the removal of undesirable polar constituents deteriorating die 
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column in earlier steps) is an improvement over the prior ait, which involves 
laborious PLC, which is not upscalable, time consuming solvent partition 
operations and hazardous solvents such as diethyiether, and number of expensive 
chromatographic experiments. 

According to the process of the present invention azadirachtin having different 
purities in a dry powder form which is suitable for pestiddal formulation is 
obtained Further, the dry powder so obtained is stirred with organic solvents or 
their derivatives, emulsifiers or their combinations, UV stabilise and synergist 
(optionally). 

The invention is described with reference to the examples given bdow which are 
given to illustrate the invention and therefore should not be considered to limit the 
scope of the invention. 

EXAMPLE 1 

Well cleaned dry neem seeds were pulverised in a multi mill to a voarse powder 
having particle size ranging &om BSS-7 (0.2mm.) to BSS-72 (2.4mm). The 
resulting neem seed powder (200&) was packed into a glass column and extracted 
continuously by percolation of methanol at ambient temperature. The methanol 
extract (1000 ml.) was concentrated at atmospheric pressure. The concentrate (40 
ml.) was stirred with an equal volume of petroleum ether (b p. 60-80°C ) in a 
stirred vessel and allowed to settle. The two phases were separated in a phase 
separator The denser phase was stirred with ethylacetate (40 ml.) and water 
(20ml.) in a stirred vessel, allowed to setde and the lighter ethylacetate phase was 
separated The denser phase was again stirred with ethylacetate (20ml.) and 
processed in the same manner to give the ligher phase. Both the lighter phases 
were combined and concentrated at atmospheric pressure. The concentrate so 
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obtained was gradually added to petroleum ether (b p 60-80°Q (40ml.) under 
stirring at room temperature or under refluxing conditions and the solid was 
filtered under suction and dried in vacuum (6S°C.) leafing to brownish yellow 
solid (3.65g) containing 10.84% of azadbachtin by HPLC analysis 

The product containing 10.84% of azadirachtin (8g) was dissolved in ethyiacetate 
and the solution was applied to a column packed with silica gel (240 g less than 
0.08 mm.), slurry made with a composition of petroleumether (bp. 60- 
80°C.yethylacetate (9/1). The column was eluted successively with different 
compositions of petroleumether (b p. 60^0°C yethylacetate starting from 9/1 , 8/2, 
7/3, 6/4, 5/5, 4/6. 3/7, 2/8, 1/9 and ethyiacetate stepwise and fractions containing 
600 ml. each were collected. Fraction 8 dutiag with petroleum ether/cthylacetate 
composition (2/8) yielded a white residue (1.5 g) after removal of the solvent 
under vacuum and it contained 30.42% of azadirachtin by HPLC. 

The solid containing 30.42% of azadirachtin (500 mg), was dissolved in methanol 
(5 ml.) and filtered through a short column (Adsorbsil, LC, C18, 100/200 mesh) 
and the filtrate was made upto 10 ml. It was processed by semi-preparative HPLC 
(*i bondapak, C18 column (ID) X 150mm. using mobile phase - MeOWHA 6/4 
O D range- 2 AUF: Detector- UV 217 am; flow rate- 4 ml/min.; sample volume - 
300 Mi; attenuation - 1). The eluant of the peak having retention time 216 mia 
was concentrated under vacuum and residue was processed leading to a white solid 
which was dried under vacuum at 65*C and its azadirachtin content was 88%. 

The product (1 g) containing 10.84% of azadirachtin was enriched to a product 
containing 17% of azadirachtin by dissolving in ethyiacetate and adding the 
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solution gradually to petroleumether (bp. (MO°C.) under stirring and the 

resulting solid was filtered and dried at 65°C. 

EXAMPLE 2 

Well cleaned dry neem seeds were pulverised in a muiti mffl to a coarse powder 
having particle sire ranging from BSS-7 (0.2mm.) to BSS-72 (2-4 mm). The 
resulting neem seed powder (200g) was packed into a glass column and extracted 
continuously by prcotation of etnanol (rectified spirit) at ambient temperature. The 
ethanol extract (1000 ml.) was concentrated at atmospheric pressure The 
concentrate (40 ml.) was stirred with an equal volume of petroleum ether (b p 60- 
80'C.) in a stirred vessel and allowed to setde The two phases were separated in a 
phase separator. The denser phase w* stirred wM. etltfacetaM" ml) »d w*er 
(20ml.) in a stirred vessel, allowed to setde and the bgher etbylacetate pta« was 
^arated The denser phase wa, again stirred with etbyiacetate (20ml ) and 
processed in the same manner to give the lighter phase Both the lighter phases 
were combined and concentrated at atmospheric pressure The concentrate so 
obtained was gradually added to petroleum ether (b p. 60-80-C.) unto stirring at 
room temperature and the solid w« filtered under suction and dned m vacuum 
(65-C.) leading to brownish yellow solid (3.0g.) containing 9.15% ofazaduachttn 
by HPLC analysis. 

The product containing 9.15% of azadirachtin was dissolved in ethylacetau ami 
the solution was applied to a volumn packed with silica gel (240g. less than 
0 08mm..) slurry made with a composition of petroleumether (b p. 60-80-C /emyl 
acetate (9/1). The column was dated successively with different composiaons of 
petroleum ether (b p. 60-80»Cyethyl acetate starting from 9/1. 8/2. 7/3. 6/4. 5/5. 
4/6. 3/7. 2/8. 1/9 stepwise and fractions containing 600 ml. each were collected 
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Fraction 8 during with petroleum ether (b.p. 60-80°C.)ethylacetate composition 
2/8 yielded a white residue (l.Sg.) after removal of the solvent under vacuum and 
it contained 39.7% of azadirachtin by HPLC alalyss 

The solid containing 39.7% of azadirachtin (500 mg), was dissolved in methanol 
(5 ml.) and filtered through a short column (Adsorbs^ LC, C18, 100/200 mesh) 
and the filtrate was made upto 10 mL It was processed by semi-preparative HPLC 
(n bondapak, CIS column 19mm. (ID) X ISO mm. using mobile phase- 
MeOH/HA- 6/4 O D range- 2 AUF: Detector- UV 217nm; flow rate - 4 ml/mia; 
sample volume - 300 pi; attenuation - 1). The duant of die peak having retention 
time 22.6 min. was concentrated under vacuum and residue was processed leading 
to a white solid which was dried under vacuum at 65°C and its azadirachtin 
content was 88% 

The product (I g.) containing 9.15% of azadirachtin was enriched to a product 
containing 11.8% of azadirachtin by dissolving in ethylacctate and adding the 
solution gradually to petroleumether (b p. 60-80°C.) under stirring and the 
resulting solid was filtered and (hied at 65°C 

EXAMPLE 3 

Well cleaned dry neem seeds were pulverised in a multi mill to a coarse powder 
having particle size ranging from BSS-7 (0.2mm) to BSS-72 (2.4 mm). The 
resulting neem seed powder (200g>) was packed into a glass column and extracted 
continuously by percolation of methanol extract (1000 ml.) was concentrated at 
atmospheric pressure The concentrate (40 ml.) was stirred with an equal volume 
of petroleum ether (b p. 60-80°C.) in a stined vessel and allowed to settle. The 
two phases were separated in a phase separator. The denser phase was stined with 



25 



2188110 



ethylacetate (40 ml.) in a stirred vessel, allowed to setde and the ligher 
ethyiacetate phase was separated The denser phase was again stirred with 
ethylacetate (20ml.) and processed in the same manner to give the lighter phase. 
Both the lighter phases were combined and concentrated at atmospheric pressure: 
The concentrate so obtained was gradually added to petroleum ether (b.p. 60- 
80°C.) under stirring at room temperature and die solid was filtered under suction 
and dried in vacuum (6S°C) leading to brownish yellow solid (3.9g.) containing 
1 1.9% ofazadirachtin by HPLC analysis. 

The product containing 11.9% of azadirachtin was dissolved in ethylacetate and 
the solution was applied to a column packed with silica gel (240g,. less than 
0 08mm. J slurry made with a composition of petroleumetfaer (b p 60-80°C /ethyl 
acetate (9/1). The column was edited successively with different composinons of 
petroleum ether (b p. 60-80°C)/etfaylacetate starting from 9/1. 8/2, 7/3. 6/4. 5/5. 
4/6. 3/7, 2/8. 1/9 stepwise and fractions containing 600 ml. each were collected 
Fraction 8 eluting with petroleum ether (b p. 60-80°C )ethylacetate composition 
2/8 yielded a white residue (1.5g.) after removal of the solvent under vacuum and 
it contained 3 1 . 1 9% of azadirachtin by HPLC alalysis. 

The solid containing 31.19% of azadirachtin (500 mg), was dissolved in methanol 
(5 ml.) and filtered through a short column (Adsorbsil, LC. CI 8, 100/200 mesh) 
and the filtrate was made upto 10 ml. It was processed by semi-preparative HPLC 
(y bondapak. CI8 column 19mm. (ID) X 150 mm. using mobile phase* 
MeOH/HA 6/4; O D range- 2 AUF: Detector* UV 2l7nm; flow rate - 4 ml/min.; 
sample volume - 300 pi; attenuation • I). The eluant of the peak having retention 
time 22.6 min. was concentrated under vacuum and residue was processed leading 
to a white scLid which was dried under vacuum at 65°C and its azadirachtin 
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content was 88%. The product (1 g.) containing 11.9 % of azacSraehrin was 
enriched to a product containing 15.72% of azadirachtin by dissolving in 
ethylacetate and adding the solution gradually to petroleumether (b p. 60-80"C.) 
under srimng and the resulting solid was filtered and dried at 65°C. 

EXAMPLE 4 

Well cleaned dry neem seed/kernels were pulverised in a grinder to a coarse 
powder having panicle size ranging from BSS-7 (0 2mm.) to BSS-72 (14 mm). 
The resulting neem seed and kernel powder (200g) was packed into a glass 
column and extracted continuously by percolation of methanol at ambient 
temperature. The methanol extract (1000 mL) was concentrated at atinospheric 
pressure. The concentrate (40 ml.) was stirred with an equal volume of petroleum 
ether (b p. 60-80°C.) in a snned vessel and allowed to setde. The two phases were 
separated in a phase separator. The denser phase was sorred with ethylacetate (40 
ml ) and water (20ml.) in a stirred vessel, allowed to setde and the ligher 
ethylacetate phase was separated The denser phase was again stirred with 
ethylacetate (20ml.) and processed in the same manner to give the lighter phase 
Both the lighter phases were combined and concentrated at atmospheric pressure. 
The concentrate so obtained was gradually added to petroleum ether (b p. 60- 
80«C 40 ml ) under stirring at room temperature and the solid was filtered under 
suction and dried in vacuum (65»C.) leading to brownish yellow solid <4.0g.) 
containing 16 16% of azadirachtin by HPLC analysis. The product containing 
16 16% of aradirachtin (8g.) was dissolved in ethylacetate and the solution was 
applied to a column packed with silica gel (200g.. Acme less than 0 08mm..) slurry 
made with a composition of petroleumether (b p. 60-80°C /ethylacetate (9/1) The 
column was eluted successively with different compositions of petroleum ether 
(b p 60-80-CVethylacetate starting from 9/t. 8/2. 7/3. 6/4. 5/5. 4/6. 3/7. 2/8. 1/9 



27 



2188110 

stepwise and fractions containing 600 mL each were collected Fraction 8 doting 
with petroleum ether (b.p. 60-80°C )ethy 1 acetate composition 2/8 yielded a while 
residue (1.5g.) after removal of the solvent under vacuum and it contained 49.24% 
of azadirachtin by HPLC alatysis. 

The sobd containing 49.24% of azadnchtin (500 mg), was dissolved in methanol 
(5 ml.) and filtered through a shcrt column (Adsorbsil. LC, CIS, 100/200 mesh) 
and the filtrate was made upto 10 m! ft was processed by semi-preparative HPLC 
(u bondapak. C18 column 19mm. (ID) X 150 mm. using mobile phase- 
MeOH/H 2 O t . 6/4; O D range- 2 AUF: Detector- UV 217nm; Bow rate - 4 ml/nun.. 
sample volume - 300 uL attenuation - 1 X The duant of the peak having retention 
time 22.6 min. was concentrated under vacuum and residue was processed leading 
to a white solid which was dried under vacuum at 65°C and its azadirachtin 
content was 88%. 

The product (1 g.) containing 16 16% of azadirachtin was enriched to a product 
containing 2189% of azadirachtin by dissolving in ethylacetate and adding the 
solution gradually to petroleumether (bp. 60-80°C.) under stirring and the 

resulting solid was filtered and dried at 65°C. 

EXAMPLE 5 



Well cleaned dry neon seed and kernels were pulverised in a grinder to a coarse 
powder having particle size ranging from BSS-7 (0.2mm.) to BSS-72 (2.4 mm) 
The resulting neem seed and kernel powder (200g.) was packed into a glass 
column and extracted continuously by percolation of methanol containing 20% 
water at ambient temperature. The aqueous methanol extract (1000 ml.) was 
concentrated at atmospheric pressure The concentrate (40 ml.) was stilted with an 
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equal volume of petroleum ether (b.p. 60-WC.) in a stored vessel and allowed to 
settle. The two phases were separated in a phase separator The denser phase was 
stirred with ethylacetate (40 ml.) in a stirred vessel, allowed to settle and the ligher 
ethylacetate phase was separated The denser phase was again stirred with 
ethylacetate (20ml.) and processed in the same manner to give the lighter phase. 
Both the lighter phases were combined and concentrated at atmospheric pressure. 
The concentrate so obtained was gradually added to petroleum ether (hp. 60- 
80°C. 40 ml.) under stirring at room temperature and the solid was filtered under 
suction and dried in vacuum (6S-C.) leading to browm • ydlow solid (3.75g) 
containing 19.93% of azadirachtin by HPLC analysis. The product containing 
19.93% of azadirachtin (8g) was dissolved in ethylacetate and the solution was 
applied to a column packed with silica gel (200g, less than 0.08mm) slurry made 
with a composition of petroleumether (b p. 60*0-C/ethyl acetate (9/1) The 
column was eluted successively with different compositions of petroleum ether 
(b p. 6040^elhylacetate starting from 9/1. 8/2, 7/3. 6/4, 5/5. 4/6. V,. 2/8, 1/9 
stepwise and fractions containing 600 ml. each were collected Fraction ft during 
with petroleum ether (b p oMOX yethyl acetate composition 2/8 yielded a white 
residue (l Sg.) after removal of the solvent under vacuum and it contained 45% of 
azadirachtin by HPLC alalysis. 

The solid containing 45% of azadirachtin (500 mg). was dissolved in methanol (5 
ml.) and filtered through a short column (Adsorbsil. LC, Cl«. 100/200 mesh) and 
the filtrate was made upto 10 ml. It was ptocessed by semi-preparative HPLC 
(bonda pak. C18 column 19mm (ID) X 150 mm using mobile phase- 
MeOH/HA- 6/4 sample range- 2 AUF. Detector- UV 217nm; flow rate - 4 
ml/min.; sample volume - 300 ul; attenuation - 1). The duant of the peak having 
retention time 22 6 mill was concentrated under vacuum and residue was 
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processed leading to a white solid which was dried under vacuum at 65"C and its 
azadirachtin content was 88%. 

The product (1 g.) containing 19.93% of azadtrachttn was enriched to a product 
containing 26.86% of azadfoschtm by dissolving in etfaylacetatc and adding the 
solution gradually to petroleumether (b p. 60-80 a C) tinder stirring and the 

resulting solid was filtered and dried at 6S°C. 

EXAMPLE 6 



Well cleaned dry neem seed and kernels were pulverised in a grinder to a coarse 
powder having particle size ranging from BSS-7 (0.2mm.) to BSS-72 (14 mm). 
The resulting neem seed powder (200g) was packed into a glass column and 
extracted continuously by percolation of etbanol at ambient temperature. The 
ethanol extract (1000 nu.) was concentrated at atmospheric pressure The 
concentrate (40 ml.) was stirred with an equal volume of petroleum ether (b p 60- 
80°C. ) in a stirred vessel and allowed to setde. The two phases were separated in a 
phase separator. The denser phase was stirred with ethylacetate (40 ml ) and water 
(20ml.) in a stirred vessel, allowed to setde and the ligher ethylacetate phase was 
separated The denser phase was again stared with ethylacetate (20ml ) and 
processed in the same manner to give the lighter phase. Both the lighter phases 
were combined and concentrated at atmospheric pressure. The concentrate so 
obtained was gradually added to petroleum ether (b p. 60-80°C ) (40 ml ) under 
stirring at room temperature and the solid was altered under suction and dried in 
vacuum (65°C.) leading to brownish yellow solid (2.8g.) containing 1606% of 
azadirachtin by HPLC analysis. 
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The product containing 16.06% of azadirachtin (8g) was dissolved in ethylacetafie 
and the solution was applied to a column packed with silica gel (240g, less than 
0 08mnt) slurry made with a composition of petroleuniether (b p. 60- 
80°C./ethylacetate (9/1 X The column was duted successively with different 
compositions of petroleum ether (b.p 60-80 a C)/edn/lacetate starting from 9/1, 
8/2, 7/3, 674, 5/5, 4/6, 3/7, 2/8, 1/9 and etfayiacetate stepwise and fractions 
containing 600 ml. each were collected. Fraction 8 editing with 
petroleumether/ethylacetate composition (2/8) yielded a white residue (l.Sg) after 
remove! of the solvent under vacuum and it contained 45.5% of azadirachtin by 
HPLC alalysis. 

The solid containing 45.5% of azadbachtin (500 mg), was dissolved in methanol 
(5 ml.) and filtered through a short column (Adsorbsil. LC, CI 8, 100/200 mesh) 
and the filtrate was made upto 10 ml. It was processed by semi-preparative HPLC 
(|i bondapak, C18 column 19mm (ID) X 150 mm. using mobile phase- 
MeOH/H 3 0,. 674; O D range- 2 AUF: Detector- UV 217nm; flow rate - 4 
ml/min.; sample volume - 300 ul; attenuation - 1). The duant of the peak having 
retention time 22.6 min. was concentrated under vacuum and residue was 
process *d leading to a white solid which was dried under vacuum at 65°C and its 
azadirachtin content was 88% 

The product (1 g) containing 16.06% of azadirachtin was enriched to a product 
containing 20.44% of azadirachtin by dissolving in etfayiacetate and adding the 
solution gradually to petroleumether (b p. 60-80°C.) under stirring and the 
resulting solid was filtered and dried at 65°C. 



31 



2138110 



Example 7 

Diy neem seed extract powder (20gm.) obtained by any one of the previous 
examples was slowly added to a weU stirred solution of solvent C4X (51s>). 
cyclohexanone (14*) Triton X 100 (4.12*) Tween 80 (2.94g,). Igesol CABS) 
(2.94g.) and piperonylbutoxide (5fr) were taken in a berter and stirring continued 
for 1 nr. until a dear brown solution was obtained. 

Example -8 

Neem seed extract powder (1 kg.) obtained by any one of examples 1 to 6 was 
added slowly to a well stirred homogeneous solution of solvent OK (2.35 kg.) 
cyclohexanone (1 I*), Triton x 100 (206.0 g.) Tween 80 (147 *.), Igesol CABS 
(147 g.) piperonyl butoxide (500 g.) and 2^d^xy-4^l(>xvbenzophenone. (25 
g, ) take, in a beaker and snrring wu continued for 8b. untfl a dear brown solution 
was obtained. 

Example -9 

Dry neem seed extract powder (20 g.) obtained by any one of examples 1 to 6. 
xylene (51 g,). 2-butanone (14*) Triton X 100 (4.12g.). Tween 80 (2.94g). and 
Igesol CABS (2.94g.), piperonyl butoxide (5 g.) were taken in a beaker and stirred 
for 1 h. until a dear brown solution was obtained 

Example - 10 

Dry neem seed extract powder (20 g.) obtained by any one of examples 1 to 6. 
dimethyl phthalate (35 g,) and cydohexanone (30 em ulsol MAL (10 g.) and 
piperonyl butoxide (5 *). were taken in. beaker and snrred until a de» brown 
solution was obtained 
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Example* 11 

Dry neem seed extract powder (20 g.) obtained by any one of examples 1 to 6. 
cydohexanone (70 g) and emulsfier Crestox 3409 (10 g.) were taken in a beaker 
and stirred until a clear brown solution was obtained 

Example - 12 

Neem seed -«t power (20 g.) obtained by any one of examples 1 to 6. 
cyclohex.no. v j0 g.), mcctylphlhalaie (8 g.) Enmlsol 172 RH (10 g.). Triton X 
100 (2 g.) were taken in » beaker and stirred urn* a de» brown solution w* 
obtained 

Example 13 

Neem seed extract powder (20 g.) obtained by any one of examples 1 to 6, 
Isobutyl methyl ketone (56 g.) dimethyl foimam.de (14 g,). Cresolox 3409 (10 g,), 
were taken in a beaker and stirred until a dear brown sdution was obtained 

Example - 14 

Dry neem seed extract powder (20 g.) obtained by any one of examples 1 to 6. 
isopropanol (70 g.) Igesol. CABS (1.43 g.) and ethylene oxide condensate. 10 
moles (8. 57 g.) were taken in a beaker and stirred until a brown homogeneous 
solution is obtained 

Example - IS 

Dry neem seed extract powder (20 g.) obtained by any one of examples 1 to 6. 
Aromax (60 g,). cyclohexanone (10 g.) and Emulsol (172 RH) (10 g.) were taken 
in a beaker and stirred for I h. until a dear brown solution was obtained 
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Wedaim 



(1) 



A process for the preparation of azadirachtin, in a dry solid powder torn, 
haling a purity upto 88% which is useful directly for pesticide formulations, from 
neem seeds/keracU^which comprises; 

(a) cSsmtegrating the neem seeds/kernels into a powder, (b) subjecting the 
said powder to continuous extraction using methanol or aqueous methanol or 
ethanol (rectified spirit) or aqueous ethanol at ambient temperature; (c) 
concentrating the extract and stirring the concentrate with petroleumemer (b p. 60- 
80 °C.) or hexane and phase separating by conventional methods; (d) staring the 
denser phase containing major quantity of azadirachun with a water unm.sc.ble 
organic solvent and water as required depending on the solvent used for extraction 
and phase separating by conventional methods; (e) concentrating the organic phase 
and gradually adding the concentrate to petroleumether (b p. oO-OTC.) or hexane 
under stirring at ambient temperature (f), filtering under suction and drying under 
vacuum at a tmperature in the range of 25 - 65«C to obtata a neem seed/kemd 
extract as a powder having azadirachtin of 10-19% purity; (g) re-Jissolving the 
product obtained in step (f) in a solvent and adding the solution to petroleumether 
(b p 60-80-C.) or hexane at ambient temperature gradually under stirring yielding 
a white solid, which after filtration and drying under vacuum at 65«C resulting in 
azadirachtin having 15-26% purity as a white powder (h). dissoUing the 
azadirachtin (10-19%) from step (e) in an organic solvent and subjecting to 
column chromatography (suicagel) by stepwise dution using different 
compositions of hexane/petroleumether (b p. 60-80-C ) and ethylacetate leading to 
solid azadirachtin powder upto 49% and (i) findly dissolving the azadirachtin 
having upto 49% purity m methanol, ethanol or acetonitrile and subjecting it to 



2188110 

fotta 

„ turned in claim (1) wherein the disintegration of the neon 
(0.2mm) to BSS-72 (2.4mm). 

(3) A process , „ ct« ^ is selected from methanol, aqueous 

of disintegrated neem seeds/kernels u. step ^ 
cthanol (rectified spirit). aqueous cd-nol, me most preferre<l 



-a ;„ claim (\) wherein the extract obtained in step (c) is 
(4\ A process as claimed in claim U) wnerem ^, fmrA 

(4 ) Apn>~» vacuum; the most preferred 
concentrated at atmosphenc pressure or un<» 

condition is under vacuum. 

(5) Apoocess baTO I***™* 

* t "Ciirtiii, 

chloroform, mchlorometnane, men. ^ ~.r~r*A solvent bang 

cthylacetate. 

. ■ • m wherein the water immisciWe organic 

solvent — - -» ^ - ft. - 

under vacuum and the step ID u» scwn .^r^-d 

solvent is petroleumether (b p. 60-80°C). 
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(7) A process as daimcd in claim (1) wherein the solvent used for resolution 
of azamrachtin in step (g), is selected from efcylnceate. dichloromethaie and (he 
like and the solvent used for preparation of azaduachtin powder is selected from 
petroleum ether (b p. 60-80°C.)/hcxane, the preferred solvent bang eth>1acet«te 
and petroleurnether respectively. 

(8) A process as claimed in claim (1) wherein the stationery phase used for 
column chromatography is silicagd and the technique used for purification of 
azadirachtin is stepwise elation employing petroleurnether (b p. 60-WC Vhexane. 
ethylacetate and their mixtures in step (h). 

(9) A process as claimed in claim (1) wherein the stationery phase employed is 
C18 bonded silicagd and the solvent employed for purification of azadirachtin 
using HPLC is methanol water (674) in step (I) 

(10) A process as claimed in claim (1) wheran the azadirachtin powder obtained 
in step (f). (g). (h) and CD ■ dried in vacuum between 25-65«C. for the removal of 
adhering solvents. 

,11) A neem seed/kernel extract in the form of a dry solid powder having 
azadirachtin upto 88% which is useful directly for pesticide formulations. 

,12) A process for the preparation of Emulsifiable Concentrate comprising upto 
30% by weight of azadirachtin from neem seeds/kernels, which comprises shmng 
the azadirachtin powder having purity upto 88% w,th solvents or mixtures 
thereof, emulsifiers or emulsifier combinations with or without synergist and with 
or without UV stabiliser and thereby obtaining the clear emulsifiable concentrate. 
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(13) A process as clamed in claim (12) wherein the organic solvents used are 
aromax* 2-butanone, cydohexanone, dimcihy If oi mam id e , dhnethylphthaiaie, 
dioctyiphthalate, isobutanol, isobutyimethylketone, isopropanol, solvent C-K and 
xylene individually or as suitable comhncnons. 

(14) A process as claimed in daim (12) wherein said emulsifiers or emulsifier 
combinations are selected from a commercially available ooniomc and ionic 
emulsifiers such as Cresolox 3409, Emulsol MAL. Emulsol 172 RR IgesoL 
calcium alkyl benzene sulphonate (CABS), Ethylene oxide condensates (10 
moles), Triton X 100 and Tween 80. 

(15) A process as claimed in daim (12) wherein the pieronyl butoxide is used as 
a synergist 

(16) A process as daimed in daim (12) wherein the UV stabiliser used is 2- 
hydroxy-4-octyloxy-benzophenone 

(17) An emulsifiable concentrate comprising upto 30% by weight of 
azadirachnn obtained from neem seedsAcerads, which is used as pesticide or in 
any pestitidal formulations. 
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